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PREFACE

This report presents the results of a measurement and analysis
program to determine the multispectral signature characteristics of’
the jojoba plant.

This report is submitted in fulfillment of Contract DEA-77-6
with the Drug Enforcement Agency. The principal investigator for the
program is Dr. J. Robert Maxwell of the Infrared and Optics Division
of the Environmental Research Institute of Michigan. The work was
performed under the overall direction of Mr. R. R. Legault, Vice
President of ERIM and Head of tﬁe TRO Division. Very significant
contributions to this program were made by Blake Arnold and Richard
Valade in preparing and operating the instrumentation in the field,
and by Margaret Schall in writing the computer program for reducing
and analyzing the measurement data. Dr. G. Suits brovided Computer
programs for vegetative canopy modeling and false alarm calculations.

The ERIM report number for this document is 127600-3-F.
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1.0
INTRODUCTION AND SUMMARY

A program of laboratory and ground-based field spectral measurements
and analysis has been conducted to determine fhe multispectral signature
of the jojoba plant and the associated types of arid land vegetation.

The objective of the program is to assess the potential of multi-
spectral remote sensing to locate jojoba plants across large areas of
Arizona and New Mexico.

The major finding on this progfam is that the multispectral
signature of jojobas is not very distinctive from that of'several other
types of Qegetation cbmmoﬁly found in the area. . Creosote, dahlia, and
an unidentified scrub have spectral signatures most like that of the
jojobas, followed by cholla, desert broom,’prickly pear, and mesquité.
Most arid land plants have small and reiativelytthick leaves; and they
are not very densely foliated. As a,consequencé, their reflectances
in the field all tend to be quite low ‘and quiﬁe‘similar.

On the basis of the ﬁeasurements and analyses conducted on this
program, it is clear that the spectral signature characteristics of
jojobas are not sufficiently unique that jojobas can be located with a
high probability of detection and low probability of false alarm just
on the basis of spectral signature characteristics alone. The
multispectral sensor would appear to offer .the best potential as a
screening sensor. As such the output of the multispectral sensor’
would be processed automatically and used to eliminate from consideration
large areas with no jojobas. Photo interpretation would be used to
definitively identify the presence of jojobas in areas where the multi-
specéral sensor would give detections of jojobas and plants with very
similar spectral characteristics. 7Used in this manner, the multi-
spectral sensor could potentially decrease the amount of photo-
interpretation required to map jojoba populations very significantly.

1-1
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In order to assess the potential for cost savings by using the
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multispectral sensor as a screening sensor, it would be necessary to

collect and process some actual airborne multispectral sensor data
' to obtain accurate estimates for probabiiity of detection and falsé

alarm. . |

- Thus the_potehtial,rolqs of muitispectrgl.sensing and phégd—

graphic sensing for iocatipgrand inventorying jojobas in a large area

survey are identiﬁied as a resﬁit‘of this study. |
| , ® A multispectral .scanner is,potential}y useful as a

means for surveyihg large areas for‘thé purpose

of discriminating bepwéenvthose areas that may contain

~jojoba plants and those that do not. .The multi-

spectral scanner and processor will not be able to
_ unambiguously discriminate jojoba plants from several . <
other desert plants, but it may be a valuable way to
- eliminate very large areas that do not contain jojobas ) ‘
: from‘a,more detailed photographic survey. It is
recommended,that,aflimited multispectral scanner flight
,test,program,be;conducted to evaluate the .potential

for using a multispectral scanner and processor to

identify areas likely to contain jojobas and to dis-

criminate against those large land areas do not.

® Photographic interpretation-will be necessary for the
actual detection of jojoba plants. A possible photo—-
interpretér resource might be classes of high school
students in those areas whose lands are being surveyed
with ihstruction given as part of the classwork.

Section 2 of this report presents the résults of the laboratory
spectral measurements-of jojobas and associated arid land veégetation
types. Section 3 presents thé results of actual ground-based measure—
ments of plants in the fieid,'and the multispeétral‘signéture analysis
is ‘discussed in Section 4.

1-2
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2.0
LABORATORY MEASUREMENTS

2.1 INSTRUMENTATION

Laboratory reflectances and transmittances of individual leaf
samples were measured in Tucson, Arizona, May’ll and 12, 1977, with
a Beckman DK-2 spectrophotometer. Leaf andbbark samplés.wefe takén
from plants in the field and brought into the laboratory and measured

within two hours of cutting. Previous measurements have shown that

|
reflectances and transmittances do not change in this period of time
[Reference 1]. The Beckman DK-2 is a dual beam instrument that operates
from 0.4 to 1.1 um with a photomultiplier detector and from 0.9 to

2.6 um with a PbS detector. A tungsten lamp is used aé a source

and a quartz prism disperses energy in the monochrometer. A sample

! is placed in the path of one beam for transmission measurements and

the ratio of energy in the two beams is recorded on an X—Yiplotter.

An integrating sphere is used for reflectance measﬁreﬁents and the

ratio is recorded of energy in one beam reflected from the sample

to that in the other beam reflected from a white standard. The

standard used for these measurements is an Eastman BaSO4 white

reference with a reflecﬁance greater than 0.98 from 0.325 to 1.3 um

and decreasing to 0.70 at 2.5 um as determined by comparison with published
and accepted values for the reflectance of MgO. The slit width varies

to keep the energy in the reference beam constaﬁt; hence the spectral
resolution varies with wavelenéth. The spectral resolutioﬁ of.the

reflectance and transmittance measurements is 5 nm at 0.4 pm, 2.5 nm

at 0.7 ym, and 3.5 nm at 1.0 um with the photomultiplier; and 10 nm

‘ ’ [1] Record of Measurement Program, J. Robert Maxwell, June 1977,
Report 127600-1-T prepared for contract DEA-77-6.

2-1
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at 1.0 ym, 20 nm at 2.0 um, and 35 nm at 2.5 pm with the PbS

detector. The repeatability of the reflectance measurements 1is

1% of full scale. The absolute accuracy of the reflectance measurements
is estimated to be 2% for low reflectance surfaces and 5% for hlgh

reflectance surfaces.

2.2 DATA REDUCTION

.Chart records of'reflectance and transmittance vs wavelength were
d1g1t1zed with a CALMA 480 X-Y d1g1tlzer at wavelength increments of
approx1mately 0. 5 nm. A data reductlon program corrects reflectance
relatlve to BaSO4 to absolute reflectance, corrects the wavelength
callbratlon of the 1nstrument to a "calibration based on a standard

Dydlmlum fllter w1th known absorptlon lines; and defines reflectance

and transmlttance values at 1ncrements of 5 nm. This corresponds

L

-to the highest resolution obtainable with the Beckman DK-2 and is
consistent with the limiting accuracy of the CALMA digitizer. A
magnetlc tape has been prepared with all of the measurement data
including t1tles w1th ‘the type of plant measured, the date of
measurement, the spectral range covered by the measurement (0.4 to 1.1
um or 2.0 to 2.6 um), the measurement condition (top or underside

of leaf, reflectance or transmlss1on), and all other 51gn1f1cant

information pertinent to the measurements.

2.3 LABORATORY MEASUREMENT DATA SUMMARY

Laboratory spectral measurements were made on 10 varieties of
vegetation. These include jojoba, prickly pear, acacia, cholla,
desert broom, mesquite, palo verde, dahlia, creosote, and an unknown
variety of plant found in the Tucson'areavnear the jojobas. Thirty-
one complete (0.4 to 2.5 um) laboratory spectra were obtained.
Table 2-1 is a-summary of the laboratory measurement data presented

in Figures 2-1 to 2-30. Black tape was used .to back leaves when

2-2
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seen to be very low throughout the spectral range of 1nterest

The spectral reflectances of leaves of the various types of
vegetation included in Figures 2-1 to 2-30 show spectral characteristics
common to all vegetation, namely'minima at 0.675 ym and 0.4 pm due to
abéorption by chlorophyll in all leaves, with a High reflectance beyond
about 0.7 ym. In the near-infréred, beyond 0.7;um, the absorptibn
in the leaf is relatively small so that bofh reflection and trans-
mittance are quite high. The presence, of chlorophyll in- the jOjOba
nuts and in the bark of the palo verde is obvious.

There are quite significant differences in the spectral reflectances
of the leaves of the different varieties of piants, for example the
high reflectance of the prickly pear in the near infrared (Figure,?—ll)
and the.high reflectance of the cholla in thé visible relative;to the
reflectance of the jojoba leaf. It is important, however, to note -
that tHe reflectance of a plant in the field is a function of several
parameters of which the leaf spectra are‘only one. The density of the
foliage, the geometrical characteristics of the plént,.and the sun-and
viewvangles are also important parameters as will be shown with the
field measurement data presented in Section 3 and as will be discussed

in more detail in Section 4.

2-3
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REFL
CRUS
X
$OUA
DIAM

REFL
CRUS
X

SGUA
DIAM

TRAN
CRUS
X

SQUA .

TRAN
CcruUS
X

SQUA

REFYL
CRUS
X

REFL.
CrRUS

" TRAN
CRUS

TRAN
CRUS

REFL
CRUS

REFL
CRUS

REFL
CRUS

60202

60200
61200
61201

60301

60302

61100

61101

606006
60605
61202

60506 .

60505

61102

69601
60600

60500

60502°

60603

60604

605073
60504

60201
60602

60501
60300

0100

IR,

IR,

V1s,REF,

V18,REF,"

VIS,RFF,
VIS, RET;

REF,
REF,
REF,
REF,

IR,
IR,
Ir,
IR,

VIS, TRN,
VIS, TRN,
VXSIIRN;

IRy .TRN,
TRN,

IR,

VI8,REF,
VIS,REF,

Réro

IR, REF,

VIS, TRN,
VIS, TRN,

TRN,
TRN,

IR,
IR,

VIS,REF,
V1s,REF,

REF,
REF,

VIS,REr,
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TRN,

2-4 .

LABORATORY MEASUREMENT DATA SUMMARY
TUCSON)  FEMALE JOJOBA LEAF
JOJOBA LEAF I, FEMALF (TUCSHN)
JOJOBA LEAF 2, FEMALE (TUCSONY
_JOJORA IT, FFMALE, INSIDE 0F CURL  (TUCSNHN)
JOJORA 175 FFMALE, DUTSINE GF CURL (TUCSNN)
TUCSON, FEMALE JNJ0BA IFAF , 5
JOJORA LEAF 1, FEMALE ° C(TUESNING
JOJORA LEAF 2, FEMALE = (TUCSNN)
JOJORA 11, FEMALE, INSIDE OF CHRL  (TUCSMIN)
JOJORA 11, FEMALE, OUTSIDE OF CURL (TUCSON)
TUCSON, FEMALE JOJ0NBA LEAF : ;
JNJORA LEAF 3, FEMALE . ,(VUCSUN)
JOJORA LEAF 4, FFMALC (TUCSUN)
JOJORA TI. . - (TUCSONY
TUCSON, FEMALE JOJOBA LEAF : ,
JOJORA LEAF- 3, FEMALE: (TUCSON) |
JOJORA LEAF 4, FEMALE (TUCSON)'
JOJOBA 11 : (TUCSON)
TUCSUN, MALE JNJOBA LEAF
JOJORA LEAE, 3, MALE : _,(TUCSnN)
JOJOBA LEAF h;'MALc' (TUCSON)
. TUCSON, MALE' JOJDBA LEAF - .
JOJDRA LEAF 3, MALE (TUCSONY’
JOJOBA LEAF 4, MALE. . ,1(TUC§DN?
TUCSON, MALE JNJOBA LEAF ,
JOJNRA LEAF 1, MALE (TUCSON)
JOJOBA LEAF- 2, MALE (TUCSON)
TUCSON, MALE JNJNBA LFAF ,
JOJOBA LEAF 1, MALC (TUCSON)
JOJORBA LEAF 2, MALE (TUCSON)
TUCSON, JOJOBA BARK # NUTS .
JOJNBA NUTS (TUCSON)
JOJORA BARK (TUCSON)
YUCSON, JOJORA BARK 4 NUTS 4
JOJORA BARK (TUCSON)
JNJNBA NUTS (TUCSON)
TUCSON, PRICKLEY PEAK
PRICKLEY PEAR (TUCSON)

S/11777

ST

5/810/77
S/11/77

5/11/17

S/I/TT

5/31/777
5711777

5/41/77
5/117/77
5/11/77

5/11/77
5/11/77
/711777

5/11/77

S/11/77

S/11/777T
54177

S/11/77

5/11/77

5/11/77
5/11/77

57117717
5/11/17

5/11/77
5/11/77

5/44/77T
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Number
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60704
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60702

60803

60900
60901

IRy REF,

VIS,REF,
VIS, nEF,
VIS,REF,

IR}»REF'
IR, REF,
IR, REF,

VIS,REF,
IR, REF,

VIS,REF,
V1S, REF,
VIS,REF,

IR, REF,
IR, REF,
IR, REF,

VIS,REF,
VIS, REF,

IR, REF,
IR, REF,

VIS, REF,
IR, REF,

VIS,REF,
VIS, REF,

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

TABLE 2-1 (Continued)

TUCSON, PRICKLEY PEAR
PRICKI FY PEAR

TUCSIN, MESQUITE

MESQUTTE BARK

MESQUITE 1
MESQUITE 2

TUCSNN, MESQUITE
MESGUITE RARK
MESRUITE )
MECSQUITE 2

TUCSON, SCOTCH NN 88 TAPE
SCOTCH NN 8B TAPE

TUCSIN, SCOTCH NN B8 TAPE
SCOTCH NN B8 TAPE

TUCSON, RLUE PALN VERDE .
RLUC  PALD VERDE, YELLOW FLOWERS:
BRI UL PALN VIRDF RARK -
BILUE PAL( VERDE LEAVES- AND STEMS

TUGSON, RLUE PALO VERDE _
RLLUE PALO VCRDE, YELLOW FLOWERS

BILLUE PALO VERDF RARK .
RLUE PALN. VERDE LLEAVES AND STEMS

TUCSON, ACACTA
ACACIA BARK
ACACTA LEAF

TUCSON, ACACIA
ACACIA BARK
ACACTA LEAF

TUESON, JUMPING CHOLL A
JUMPING CHOLLA BUD

TUCSON, JUMPING CHOLL A
JUMPING CHOLLA BUD

TUCSUN, PESFRT BROOM
DESCRT BRNNM BARK
DESCRT BRONM STEMS

2.5

(TUCSON)

(TUCSUN)
(TUCSON)
(TUCSON)

(TUCSON)
(TUCSON)

. (TUCSON)

(TUCSON)

(TUCSON)-

(TUCSON)
{TUCSON)
(TUCSON)

N

(TUCSON)
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(TUCSON)

(TUCSON)
(TUCSNN)

(TUCSHIND
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{TUCSON)
(TUCSON)

(TUCSON)
(TUC3ON)

S/11/777T

S/11/777
S/41/717
S/41/77

S5/714/77
S/11/77
57211777

5/11/777

5/11/77

S/41/77
S/11/77
5,41/77

S/ /71T

5711777
5/11/77

5/11/77

S/11/71T

5/11/77
5/11/777

5/11/77

5/18/77

S5/11/77
5/11/77

Figure
Number
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2.15
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2.21

2.22
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TABLE:i2~1 .. (Concluded)

TUCSON, DESERT BROOM
DESERT BRONM BARK
DESCRT BRONM STEMS

TUECSON, DAHLIA .
DAHLIA STEMS AND BUDS

TUCSON, DAHLTA ,
DAHL 1A STEMS AND BUDS

TUCSON, CRFOSOTF
CRENSOTE LEAVFS
CRENSNTE BARK

TUCSON, CREOSOTE
CREDSUTE LEAVFS
CRENSODTE BARK

TUCSON, UNKNUWN
UNKNNWN 27, GRFEN LEAVES 7
UNKNDWN 2, CHLOROTIC LEAVES

YUCSHN, UNKNDWN 7
UNKNAWN 2, GRFEN LEAVES
UNKNOWN 2, CHLORNTIC LEAVES

2-6

(TUCSON)
(TUCSONY

(Tucsond
(TUCSON)

(TUCSON)
(TUCSNNY

(TUCSNN)
(TUCSON)

Xt

S (TUCSONY

(TUCSON)

(TUCSDN)
(TUCSON)

S/11/77
S/11/77

5/11/77

5/44/77

5211777

S/11/17

S/11/77

S/14/27T
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5/11/77

5/11/77

S/31/77 -

. Figure

Number
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FIGURE 2-1. LABORATORY MEASUREMENTS, FEMALE JOJOBA LEAF.
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FIGURE 2-6. LABORATORY MEASUREMENTS, MALE JOJOBA LEAF.
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FIGURE 2-9. LABORATORY MEASUREMENTS, JOJOBA BARK AND NUTS.
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FIGURE 2-11. LABORATORY MEASUREMENTS; PRICKLY PEAR.
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FIGURE 2-12. TLABORATORY MEASUREMENTS, PRICKLY PEAR.
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FIGURE 2-13. LABORATORY MFASUREMENTS, MESQUITE.

Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

| i3

NYSIHDIW 40 ALISYIAINA IHL 'STRHOLVHOBYI NOB MOTTIM ATHIWNOS



Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

2.80

o .
0. B &
=] o N . . ; . + — — 5 B
i
[=] ~ .
81- -+
”~~
..-
@1
08
o .
wg.p -
g,
Toowor T
N
o EE%
XA
wl
-
uw &
Ll
Co
S
8T T
[=]
.80 - 1.00 1.20 2.00 2.20 2.40

LW L6 L8
WAVELENGTH (MICRONS)

FIGURE 2-14. LABORATORY MEASUREMENTS, MESQUITE.
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FIGURE 2-15. LABORATORY MEASUREMENTS, SCOTCH NO. 88 TAPE.
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FIGURE 2-16. LABORATORY MEASUREMENTS, SCOTCH NO. 88 TAPE.
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FIGURE 2-17. LABORATORY MEASUREMENTS, BLUE PALO VERDE.
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FIGURE 2-19. LABORATORY MEASUREMENTS, ACACTIA.
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FIGURE 2-20. LABORATORY MEASUREMENTS, ACACIA.
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FIGURE 2-21. LABORATORY MEASUREMENTS, JUMPING CHOLLA.
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FIGURE 2-23. LABORATORY MEASUREMENTS, DESERT BROOM.
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FIGURE 2-24. LABORATORY MEASUREMENTS, DESERT BROOM.
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3.0

FIELD MEASUREMENTS

3.1 INSTRUMENTATION
Field measurements were made of the spectral reflectance of

various plants in the field with a modified Beckman Microspec

infrared spectrophotometer;*"As manufactured, the Microspec is a_
dual beam instrument designed to measure spectral transmittance from
2.5 to 14.5 um. A nichrome wire is used as the source of IR radiation
with a thermocouple detector.  Monochromaticity is achieved with a
‘three segment circular variable filter. The following modifications
had been made to the instrument so that it could-be uséd for field
reflectance measurements. A circular variable filter with segmeﬁts
covering the spectral range 0.4 to 2.6 um was installed to provide

the required spectral coverage; a silicon detector was used to cher
the spectral range from 0.45 to 1.1 um; and the source was replaéed

by a pair of fiber optic bundles, one for the solar illumination
reference beam and the other for the field reflected energy beam.

All of the instrument optics are reflective except for the field

lens, which was replaced, hence no difficulties were encountered

in using the instrument for visible and near IR measurements. In

the future, a laminated Si-Pbs detector might be used to extend the
instrument's response further into the IR, and a Si detector with

an enhanced blue response should be used to extend the spectral
coverage down to 0.4 ym. The spectral resolution of the instrument

is approximately 5% (e.g., 30 nm at 0.6 um). Measurement repeatability
varied ‘between 1 and 2 percent of full scale. Reflectance measurement
'(accuraéy is estimated to be 2% for low reflectance surfaces and 5%

for high reflectance surfaces.

* This instrument in its modified form was loaned to ERIM by
Dr. Gene Safir, Michigan State University.

3-1
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Do

The ratio of energy collected by the two fiber optic bundles is

. FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

recorded on chart paper which is advanced with the rotation of the
circular variable filter. In the field, one fiber bundle, the
reference channel, views a horizontal solar~illuminated Eastman BaSO4
white reference panel The other fiber bundle views the plant. A
100% reflectance level is recorded about every 20 minutes, after
every 4 or 5 fleld scans, w1th both f1ber optic bundles directed

at the solar- illuminated Eastman BaSO4 wh1te reference A 0% line

is establlshed by blocklng the sample opt1cal beam. A Dydimium
fllter w1th known wavelength absorptlons is inserted into the sample
beam from time to time to define and check the wavelength calibration.
Theplnstrument fleld—of—vlew is determined by the acceptance angle

of the fiber optic bundle which,is roughlnyaussian with 50% of

the energy collected within a full 20 degree cone angle.

3.2 FIELD MEASUREMENT DATA SUMMARY

| Fleld reflectance measurement data were collected in the- v1c1n1ty
of Tucson, Arlzona, on May 11 and 12, 1977, with the modified
Beckman Mlcrospec The instrument was mounted in a cherry picker which
was pos1t1oned above the plants for data collectlon Thirty-five
reflectance spectra were obtalned in the spectral range from 0.45 to
1.1 ym on 11 varieties of plants as well as several areas of bare
ground. These data were reduced using the same procedures as used
for the laboratory data and described in Section 2.2. Along with each
vreflectance measurement, other anc1llary data were recorded and have
vbeen put on magnet1c~tape along w1th ‘the measurement data. These
anc1llary data 1nclude the solar zen1th angle TS(G ), the solar
azimuth angle measured from north PS(¢S), the zenlth and azimuth angles
of the radiance from the plant to the instrument TR(G ) and PR(¢ ),
dlstance from the 1nstrument to the top of the plant canopy R, and

the local time of the measurement T (see Figure 3- 1).

3.2
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Zenith

Sun .

Ndrth

East .’

FIGURE 3-1. SUN POLAR ANGLES (es, ¢S), VIEW PopAR ANGLES '(er, ¢r),
AND RELATIVE AZIMUTH ANGLE V.
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The description of all of the field measurement data obtained
for fhis program is contained in Table 3-1. The data are presented -
in Figures 3-2 to 3-14, .It is quite apparent from the field measure-
.ment data on jojobas and 10 other varieties of associated arid land
plants that there aré@factors in addition to the leaf spectra as
measured in the laborgtory that contributé-to the spectral signature,
In particular, the much lower values of reflectance observed in the
field can be attributed aimost entirely to the fact that there are
many shadows within.the plant canopy and on the ground from the
canopy aboVe. From a cursory examination of these field data, it
is also apparent that an unambiguous discrimination of jojoba
spectra from creosote, dahlia, and the unidentified scrub spectra
will be difficult because of their similarity under the range of

- conditions for which these data were collected.

3-4
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160208
160304

160306

160404

1604006

1604008

160308
160508

160704

166102
160101
160200
160300
160402

160500

160802

160804

-

160706

160708

160600

160602
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TABLE 3-1 FIELD MEASUREMENT DATA SUMMARY

YUCSON, MALE JNJNBA

JOJNBA 1, MALE L .
TR=20, PR=3245, TS=234, PS=109, R=6,7
JDJOBA 2, MALE L . .
TR=0, PRaNA - T8=22, PS=130, R=5,.5
JOJOBA 2, MALE - . . L
TRe0, PR=NA Tsz19, PS=132, R=S5,
JOJOBA 3, MALE .. L :
TR=0. PRaNA  T8e15, PS=i97, R=4,
JNJUBA 3, MALE o~ - .
TR=6%, PR=20, TS=21S, #PS8S=183, R=7,
JOJUBA 3, MALE - ' .
TR=90, PR=180, TS=15, PS=200, R=8,
TUCSON, FEMALE JnJNBA |
JOoJusa 1, FEMALF . L .
TR=S0, PR=270,., TS=18, PS=137, R=8.
JOJUBA 2, FEMALF . ) .
TR=4n, PR=2200, T8=21, PS=230, R=6,
JOJNBA 3, FEMALF o
TR=t0, PR=0, T8=z40, PS=258, R=4,5
‘ TUCSON, SOIL
GROUND A .. . ' =
TR=30, PR=225, TS=43, PS=z9B8, R=38IN
GROUND A oL .
TR=30, PR=135, TS=44, PS=97, R=3IBIN
GROUND | o D o -
TR=10, PR=200, TS=30, PS=112, R312,
GROUND 2 . o , .
TR=250 PR=90. Ts=170 Ps‘-'lQ6. R=7'
GROUND 3, DARK . i -
TR=30n, PR=90, 7T78=15, PS8S=186, R=10,
GROUND 4 . L o .
TR=30, PR=225, T8=23, PS=235, R={2,
. TUCSDN, CRESOTE
CREQSOTEF 2 .
TR=1S. PR=110, TS=49, PS=266, R=2,
CRENSOYF § . o o .
TR=20., PR=200, TSTd46, PS=263, R=S,
TUCSON, DESFRT RROOM
DESERT BROOM { _ . .
TR=#¢9, PR=20S, T8xA0, PS=259, R=4,5
DESERT RRNOM | Lo .- .
TR=25, Pr=z4S, T8=37, PS=2257, R=3.%
JUCSON, ACACIA
ACAGCTIA 1 L . . .
TR=1S, PR=160, TS=28., P9=246, R=34,
ACACTA 1 . " .
TR=3S, PR=160, 18:29? P8=247, R=25,
3-5

(TUCSON)
T=1005 ,
(TUCSON)

VT=1105 :

_ (TUCSON)
T=1110 )
(TUCSONY
121230 ‘
. (TUCSON)
T=1215 _
, (TUCSON)
T=1235

, (TUCSNN)
T=it120 ,

- - {TUCSOHN)
T=1320 .
] ATUCSON)
T=1455

C(TUCSON)
720910 )
(TUCSON)
720905 _
_(TUCSMNY
T=1015
~ (TUCSON)
T=113S .
. (TUCSDN)
Y=i220 -
- (TUCSON)
T=1330

~(rucson)
T=1540 .
, (TUCSTIN)
T={525 °

) (TUCSON)
T21500 ‘
. {TUCSON)
T=1445

(TUCSON)

T21400

(TUCSNNY
T=1405

5/12/71

5/12/77

5712777
5/12/77
5/12/17
5/12/77
5712777

5712771

5/§2/77

5/12/77T

5/12/77
5/12/77
5/12/77
5/12/77
5/12/71

5712777

5212777

5/12/77

5712777

5/12/17

5,12/77

Figdre
Number

3.2
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© .7 » ‘TABLE 3'—1_, *“(Concluded)

e s " e st Figure
REFL R TUCSUN, UNIDENTIFIED SCRHB : B Nuéber
CRUS 160106 SCRUR A, IINIDENTIFTED . . {TUCSON) 5/12/77
: T OMOSTLY CHLOROTIC LEAVES . 5712777
. TR=30, PR=225, TS=AS, .PS=97, R=220IN T=0900 _ 3.8
X 160108 SCRUB B, UNINENTIFIED (TUCSON). 5/712/77 :
' . HALF CHLOROTI( _LEAVES, HALF BRANCHES, LNTS OF GROIUND SHADNK
' TR=20,"" PR= 270. TS=48, PS=94, R=z24IN T=084S .
REFL , " TUCSON, ;" CHOLLA g TS
CPUS 1605071 CHOLLA 1 B . (TUCSON)Y S/12/77
. DARK PLANT, SMALL YELLOW FLOWERS, NO RUDS - 5/12/717 3.9
... .. .TR=3%0, PR=180, 78=22, - PS=233, R={2, T31325 e
X 160702 CHOLLA 2, y ‘ (Tucan) 5/12/77
REFL ... . . " YUCSON, PRICKLEY PEARS R )
CRUS - 160502 PRICKLY PEAR | o, . . .7 (TUCSON) S/L2/77  zoc
TR=25. ‘PR=270. 15=24, P8=237, R34, T=1305 3.10
REFL et © YUCSONN, SAGUARN. . - Tt
CRUS 160400 SAGUARQ CACTUS . Top . _ (VUCSON) S/12/17
-, - TR=l0, PR=90, Ts=p4, PS= 180, "r=t, .:szzxo L 3.1
REFL R Tucan, DAHLIA _ . L
CRUS 160206 DAHLIA 1 B ' Teyt - (TUCSON) S/12/77
S TRE19, .PR= 200. Ts= 33. Ps 105. R= b s T=|000 ’ ST 3,12
X 160506 DAHLIA 2 - FUCTUCSaNY S/12/77
- TR=28, nn 160. rs=19 vpsrzza. R=3. *T:tsxo SN
REFL Tucan, PALO VERDE . . .
CRUS 160202 PALO VERDE § . A MANY YCLLNW FanrRs (TUCSONY S5/12/77
TR=1S, PR=200. TS=28, PS=116, R=7,5 T=1025 , 3.13
X 160302 PALD VERDFE 2 _ MANY. YELLOW FOWFRS (TUCSON) S5/12/77
: TR=45, PR=245, T8=18, PS=144, R310. T=1125
REFL © "JicsoN, RESQUITE" ; :
CRUS 160204 MESAUITE & _ . . . rrucsun) 5/12/77
TR=B, ~ PR=160. TSz36, PS=105, R=6. T=09a5 3.14

X . 160806 MESAUITE 2 ST P b (TUCSON) S/12/77
 TR=15, PR=180.. TSza7. PS=z264, R=3, ' Y51530 o

3-6
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- FIGURE 3-2. FIELD MEASUREMENTS, MALE JOJOBA LEAF
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FIGURE 3-3. FIELD MEASUREMENTS, FEMALE JOJOBA LEAF.
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FIGURE 3-4. FIELD MEASUREMENTS, SOIL.
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FIGURE 3-7. FIELD MEASUREMENTS, ACACIA.
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FIGURE 3-8.. FIELD MEASUREMENTS, UNIDENTIFIED SCRUB.
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FIGURE 3-9. TFIELD MEASUREMENTS, CHOLLA.

* Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

{

. NVOIHDIW 40 ALISHIAINN 2HL 'SIRHOLVHOBYI-NNY MOTTM ATHIWNOA



¢1-¢

REFLECTANCE (PERCENT)

‘ Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

g . . , .
*
e
8:-
+ r
8
21 4
+
8. e 3
S-h
8
al 1
[
8 . . . . . .
.30 0,40 0.50 0.80 1.00 1.10

0.60 .70 0.80
WAVELENGTH (MICRONS)

FIGURE 3-10. FIELD MEASUREMENTS, PRICKLY PEARS.
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FIGURE 3-13. FIELD MEASUREMENTS, PALO VERDE.
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FIGURE 3-14. FIELD MEASUREMENTS, MESQUITE.
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4.0

MULTISPECTRAL SIGNATURE ANALYSIS

The objective of this measurement and analyses program is to assess
the potential for using multispectral remote sensing techniques to map
the locations of jojoba plants over large areas of Arizona and New México. -
The laboratory and fieid spectral reflectance measurements form the data
base for the multispectral_signature‘analyses task described in this

section of the report.

There are very obvious and significant differences between the spectral = .

‘reflectances of leaves as measured in the laboratory and the spectral.
reflectances of plants as measured in the field. In addition there is
significant variability in the field measured reflectances ffom plant to
plant and with sun and view angles. 1In order to assess the differénces
between the spectra of jojoba plants and the other associated plant types
likely to be found in the same areas as jojobas, it is necessary to employ
plant canopy reflectance.modeling techniques  to utilize and extrapolate
the data base of limited measurement data to thé wide range of conditions
likely to be encountered under operational remote sensing conditions.

The plant canopy reflectance model that has been utilized is described
briefly iﬁ Section 4.1. The analysis techniques used to evaluate the
potential for multispectral sensing to map jojobas are presented in

Section 4.2. Results of the analysis are discussed in Section 4.3.

4.1 THE SUITS VEGETATIVE CANOPY MODEL
A plant canopy model has been developed by G. Suits, [References

2, 3, and 4], in which a plant or vegetative'canopy is represented by a

[2] Suits, G. H., The Calculation of the Directional Reflectance of a Vege-
tative Canopy, Remote Sensing of the Environment 2, p. 117 (1972).

[3] Suits, G. H., The Cause of Azimuthal Variations in Directional Reflec-
tance, Remote Sensing of the Environment 2, p. 175 (1972).

(4] Suits, G. H., and Safir, G. R., Verification of a Reflectance Model
for Mature Corn with Applications to Corn Blight Detection, Remote
Sensing of the Environment 2, p. 183 (1972).

- 4-1
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randomly distributed collection of horlzontal and vertical plant
components including leaves, stems, and as required flowers, buds,
nuts, etc. A brief summary_ofpthe model formulation.is given in
Appendix A. The model is formulated along the lines of the familiar
Kubelka—Munk equatlons, [Reference 5] The reflectance of the canopy
1can be calculated for any sun angle 6 o view angle 6 2 and relatlve
az1muth angle w ¢ - ¢ ‘ Shadows and the dlffuse flux produced by
transmlsslon,through the leayes,andimultlple reflectlons, whlchycause
the pronounced differences bptween,laboratory»and_field measurementv

‘ data,‘are included in the model.

.‘: ~ The total horlzontal leaf area per un1t volume H, the total

' vertlcal leaf area per un1t volume V, and the depth of the canopy d

l_are the neometrlcal parameters whlch deflne the canopy They are
determlned from photographs or actual phys1cal measurements. of the_

:‘plants themselves. The laboratory measured spectral_reflectanceiand:,
transmittance properties of the leaves and of the soil.understory are
the optlcal 1nputs to. the model.. . ,

A‘i Figures 4-1, 4-2, and. 4-3 -show.the results of applylng the.-model

' andhcaICUlating field reflectances using geometrical parameters . . ,
estimatedffrom'photographs and leaf:and bark spectral reflectances-
measuréd in the laboratory. * The“generally  lower reflectances
observed in the field relatiVe t& the spectral reflectances measured

]‘in the laboratory”are"COrfeCtIy predicted by the'model’. “Due to the
1imited éxtent of this analysis, the sourceés of varidbility observed
in the f1eld data have not been 1dent1f1ed as to whether they are

due to geometrlcal dlfferences between 1nd1v1dual plants or the

. dlfferences in sun angle dhd view angle measurement cond1t10ns as

. predlcted by the model The spec1f1c parameters geometrlcal used to

' model the reflectances of the jojoba plant in Flgure 4-1, 4-2, and

4-3" are . glven in Tablé 4 1.

[5] Kubelka, P. and Munk, F. Z, Tech. Physik 11, p. 593, (1931).

4-2
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FIGURE 4-1. FIELD REFLECTANCE FOR JOJOBA PLANT CALCULATED USING THEGSUITS
CANOPY MODET, FOR SEVERAL VIEWER ANGLES 8, WITH THE SUN ANLGE Qs = 40° AND
WITH THE RELATIVE AZIMUTH BETWEEN THE SUN AND VIEW ¢ = 0°.
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FIGURE 4-3. FIELD REFLECTANCE FOR JOJOBA PLANT CALCULATED USING THE SUITS
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TABLE 4-1

GEOMETRICAL PARAMETERS AND SPECTRA USED TO MODEL THE JOJOBA

Top Layer v " Lower Layer
Depth X = -0.5 meter X = -1.0 meter
Horizontal i . _ : ;l ' ' -1
Leaf Area Index H= 0.25m H= 0.1m
Vertical v : 1 ' -1
_Leaf Area Index V= 2.0m V= 0.2m
Horizontal -1 : : : -1
Branches Area Index H= 0.1 m " H= 0.2 m
. Vertical . i1 : 1
~ Branches Area Index V= 0.1lm » V= 0.2m
_Leaf ‘Spectra: » , Reflectance #61201, Table 3-1
Transmittance #61202, Table 3-1
Branches Spectra: Reflectance #60602, Table 3-1
Soil Spectra: ‘ Reflectance #160300, Table 3-1

TR
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4.2 MULTISPECTRAL ANALYSIS -
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The spectra of jojoba plants and associated arid land vegetation
types under a wide variety of operational conditions are needed to
.assess the potential for mdltispéctral remote sensing techniques to
discriminate jojobas from othetr vegetation types to locate and map
the jojoba population in the Southwest United States. .

The field méasurement data acquired on this program were uéed

. as the data base for this analysis, and the Suits canopy reflectance
model was used to -extrapolate these spectra to a wider variety of
conditions than was actually measured_on this program. ,

Although photographs were taken of all of the plants that were
measured it was not possible within the SCOpe of this program to
model with'laboratofy spectra and measured geometrical characteristics
each'piant variety:in detail and to verify the modeling. The approach
that was taken instead was to use the Suits model to écale two field
spectra obtained for each different variety of plant, whére the
measurement conditions for each variety were different, to a cdmmqn
range of operationél conditions. In this way 54 spectra were
generated from each field measﬁred spectrum used in theranalysis.

All of the jojoba spectra were used in the analysis. The range of
operational conditions for which simulated spectra were created are

as follows:

Jojobas*
Sun Angle b, = 40°
Viewer Angle Gr = Q°
. . Terrain Slope B = 0°, 3°, 6°.

Azimuth of Terrain‘Slope Relative to Sun x = 0°, 90°, 180°
Variable Canopy Density V/H = 0.75, 1.0, 1.25
Number of Field Spectra Used, N = 9

* A wider range of terrain-slopes for jojobas would be more typical of
actual conditions. This would lead to an even larger number of
false alarms than is produced with the range of terrain slopes used

in the analysis.
Y 4-7
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Each Associated Vegetation Type and Light .and Dark Soil..
Sun.Angle 6 = 40°,

Viewer Angle ef =.0° . | ey
Terrain Slope B = 0°, 15°, 30° o s
-Azimuth of Terrain Slope Relative to Sun,x = 0°, 90°, 180° . .
 Vafiable Canopy Geometry V/H = 0.75, 1.0, 1u25_z--
Number of Field Spectra.Used, N = 2

e

The reflectance 'scaling used on each laboratory measured spectrum is
derived directly from the Suits canopy model equations and is given

by Equation 4-1 and derived in Appendix'B.

MR H‘wr;ki+no 1fnd
0= 9(va) - o(g')g,(l - C) T x
L .

1+n ) 1+
T +p(9)(l—C)' : (4-1)

Ll;é'(l“— ¢  °p

- (1 - 06"

where =~ C = Ground™Cover - 3 .
p = Model Reflectance
p(e) = Field Measured Reflectance
p(u) = Understory Field Measured Reflectance
‘n = (cos 6 + 6(%)sin 8)/ cos O
8 = Sun Zenith Angle
0 >= Angle Between .Sun's Ray"eﬁd Normal-to-Ground Plane
§ =

Ratio of Vertlcal Leaf ‘Area Index ‘6 'Horizoéntal
Leaf Area Index v TN e : .

and where the subscrlpt 0 denotes parameters assoc1ated with the .

actual fleld measurements

[CESE

4-8
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The spectral signature of each variety of vegetation is character-

ized by 54 spectral radiances under 27 different sunlit conditions.
Radiances were also calculated for shadowed plants. HoweVer? because
of the low values of radiance under shadowed illumination sunlit and
shadowed classes of each végetation'type were considered as separate
classes for the analysis. For this analysis spectral radiances have
been considered in four spectral bands. |

Band ‘1 Blue ‘ _ 0.456 '0.481 um

Band 2 Green S 0.531 - 0.556 um
Band 3 . Red: : 0.631 - 0.668 um »
Band 4 o Near Infrared 0.806 - 0.893 um

These bands were chbéen SO ﬁhat»the four‘major portions of thervisib1e 
and near infrared spectrum would Be'sampled Where_therg are likely to'v
be differences amongst plant varieties. .No aftempt has been made to
place these four spectral bands optimally or,to.determinevthe filter
résponsevfunctions optimally. It would not appeaf that overall
multispectralvsensor performance would be substantially improved with a
slightiy different choice of bands in the Visible;and near infrared.
However, it is possible that inclusion of ohe_or more spectral bands
between 1.0 and 2.5 uh might imprqve.performance because of the
significant influence of water cbntent in the plant on leaf reflectance
in this part of the spectrum.

Probabilities of detection and false alarm for a four-band multi-
spectral system are analyzed by considering each of the four-band
spectra as a vector in a.four-dimensional cartesian coordinate system.
A "target' space is defined by a four-dimensional ellipsevcentered
about the mean of all of the 243 sunlit jojoba spectra. Shadowed
jojobas were not included with the sunlit jojobas in defining the

target space because the radiances of all shadowed plants are low-and
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very s1mllar.* It would be much more d1ff1cult to dlscrlmlnate shadowed
spec1es “from éach other than it would be to dlscrlmlnate sunllt
spec1es frém each other The pr1nc1ple axes of the elllpse are
deflned by thé disfribution of the target spectra about the mean.
The size of the elllpse governs the probablllty of detectlon (the
number of target spectra ‘included in the ellipse) and the probablllty
of false alarm (the number of background spectra 1ncluded in the
ell1pse) The probability of false alarm from mixed background
spectra is the fract1on inside the elllpse of all of the points
generated by taklng linear combinations of all of the spectra from
one background class with those of another. |
Figure 4-4 shows the two dimensiOnal“projection of the sunlit

jojoba ellipse onto the plane of the Channel 2 (Green, 0.531 - 0.566 um)
and Channel 3 (Red, 0.631 - 0.668 um) planef The ellipse contains
90% of the 243 jojoba°spectra'used for the analysis.

Figure 4-5 shows the“projectibn'ofﬁ"background"vellipses that’
are defined in the same mannervas the jojoba ellipse in Figure 4-4.
It is clear that the radlances of ‘the JOJObaS are, on the average,‘
‘loter than the reflectances of some assoc1ated vegetation types in
these two spectral bands. However, it is also clear that in these
two bands the spectra of some of the‘backgrounds will‘be the same
as the spectra of some of the backgrounds This is in fact true‘for
all pairs selected from the four spectral bands included in this
analysis. Additional plots for other backgrounds and other spectral
band’ palrs are 1ncluded in Appendlx B. .

The results of the false alarm analys1s, of counting the number
of pure spectra and mixtures of spectra from dlfferent backgrounds
are glven in Table 4-3. The false alarm matrix in Table 4-3 is a false
alarm matr1x for a detection’ probablllty of 50/ Background classes
in the false alarm matrlx are numbered from 1 to 24, and they are

identified in ‘Table 4-2. There are five false alarm entrles for each

4-10
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1 Sunlit Desert Broom
2 Sunlit Creosote
3 Sunlit Saguaro
4 Sunlit Prickly Pear
5 Sunlit Ground (Light)
6 Sunlit Ground (Dark)
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mixture of background type M (a row in the table) and background
type N (a column in the table). Each false alarm entry includes mix-
tures of 0, 20, 40, 60, 80 or 100% (a row index) of background .
type M with 100, 80, 60, 40, 20, and 0% of background type N. .
Each entry ip the table is.the.percentagebof spectra generated
by taking the appropriate linear combinations of each of the .
54 x 54 spectra of background that fall inside of the target
-ellipse. Diagoﬁal elements in the;matrix represent false alarms
due to pure background spectra. . _ .

Examination of the false alarm matrix in Table 4-3 shoﬁs
that false alarms are most likely to be produced by the sunlit
spectra of the unidentified scrub, dahlla, and creosote. False
alarms are also produced by the various mlxed backgroundvspectra,'
for example, unidentified scrub and any of the other sunlit or
shadowed backgrounds considered for this analysis Hence, spectra
from a variety of the associated arid land veoetatlop types v1ll
be 1ncorrectly classified as jojoba. spectra by a multispectral
system with a threshold set for 50% probability of detection -of
true sunlit jojoba spectra. ' |

False alarm matrices for a probability of detection threshold
set at 10 and 90% are included in Appendix C. The false alarm rate
at a detection'probability of 90% is much higher. At a probability
of detection of 107 all of the false alarms that arise from the
spectra of pure vegetation types are‘eliminated, but false alarms
from some mixed spectra remain.

Although a multispectra system might be useful in detecting
10% of the jojoba population,'this analysis hae shown the potential
for serious false alarm problems from several background types; An
analysis such as this generally underestimates false alarm rates
because of the impracticability of calculating all of the sources of

variability of radiance variation likely to be encountered in an

4-13
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IBACKGROUND IDENTIFICATION NUMBERS

o
)

12

C13
14"

15

16"
17
‘NIZO:'

21
22
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CIN FALSE ALARM MATRICES

Sunlit Unidentified Scrub

Shadowed Unidentified.Scrub

" Sunlit Palo Verde -

ShédoWéd Palo Verde
Sunlit Mesquite

:SﬁédowédtMesquito’:

Sunlit Dahlia

" Shadowed Dahlia
" Sunlit’Cholla " °
'Shadowed Cholla * = =

Suhlit ‘Acacia

“Shadowed Acacia "¢ "

Sunlit’ Desert Broom '
SHadowedeeéért‘Broom'
Sunlit Creosote
Shadowed Creosote
Sunllt Saguaro'

Shadowed Saguaro

Sunllt Prlckly Pear
Shadowed Prlckly Pear

Sunlit Ground
Shadowed Ground
Sunllt Ground N

Shadowed Ground .
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TABLE 4-3. PROBABILITY OF DETECTION SET AT 50 PERCENT

FALSE ALARM MATRIX 3
7 a

1 2 3 i s b 9 11 1A 19 20 21 22 23 24
¢ Scrub
(U] L3¢ 2}
0.20 2.0 3.7
[ R O A
0.00 0,7 0,0
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] . . R . T T T
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0 QL0 T 0 T T, 0 P78 To e 10 T nd To.h 0,07 N0 A 0T, 6,0 0,0 T
- an o wn G 0 0,0 00 0 0.0 0.0 6,0 a0 0,0 0,0 0.0 0,5 0,0 6G,0 0,0
.0 0,0 w0 TR0 0 "0 0 To,0 0.0 a, 070,08 0,0 0,0 H,0 N, 64,0 0.0 0,0 0,0

3 Palo Verde

0. - [ A R B U T [ B S A
Lu2v DN 0,0 5.2 0,0 0,0 22,7
IR DT e TV 2T o "I B % A
0.6y 0" oo 03 oo [N I P
'u...vu a0 LTI 07T RN ]
1,00 0,0 0,0 0,0 0.0 0,0 0,0
v, 9 n__{x‘,’n o;n 0,0 0.n 0,0 0,0 0,0 %,.7
Go0 130 o 0wl T T AT 8,0 A0 G,0 SOLh
) 0.0 0.0 SS.0
B L0007 AP LT
R N0 0,0 1.0
a0y 0

1
n Qv — N0 0,0 3.7 0,0 0,0 0,0 0,0 0,0 00 0,0
0,20 Tl 0 18E T vl 0T 0,6 (I R DY W ' B e D S B
v.ny _ o 6.0 0,0 43,1 0,0 0,0 0,0 0.6 0,0 n,0 0,0 0,0 0,0
Voo A0 T 0,002,6 T0,0 0 0,07 0,0 70,0 06,0 0,0 0,0 0,0 0,07
danto e i 0.0 0.0 3.7 0,0 0,0 0.0 0,0 0.0 0,0 0,0 0,0 0,0
tewe a0 T, 6,070 0 6,0 0,0 0.0 0,0 0,0 0,0 0,0 0,0
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TABLE '4-3 (Continued)’ :

7  Dahlia : . . . »
0. o - 000 6T oso eln e p.0 A0 0,0 x%.7 0,00 p,0 0,0 0,0 0.0 0,0 0.0 0.0 0,0
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TABLE 4-3 (Continued)
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TABLE 4-3 (Concluded)
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operational environment. For this reason and on the basis of this
analysis, it is concluded that the spectral signature characteristics
of jojobas are not suff1c1ently unique that jojobas can be located
~with a high probability of detection and low probablllty of false
alarm just on the basis of spectral 81gnature characterlstlcs alone
A multispectral sensor might be of con31derable use for surveylng
large areas of terrain and identifying just those areas for which
detailed photointerpretation would be warranted in locating jojéba

plants.

4-19
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" 5.0

CONCLUSIONS AND RECOMMENDATIONS

'The major objective of this program has been to analyze the
spectral signaturés of jojobas and associated arid land vegetation
types to assess tbe potential for locating jojoba populétions with
a multispectral sensor. Laboratory and field‘speétfal“méésurement
data were collected in order to provide a data base for this amalysis.

The field data show that the spectral reflectances for jojobas
and several other plant types, especially creosote, dahlia and an
unidentified scrub, are quite similar and generally lower’ than the
spectral reflectances of other plant types. The Suits vegetative
canopy model offers an insight to this phenomenon via the dependence
of the field reflectance on both the laboratory measured speCtral
reflectance and transmittance and thébgeometrical characteristics
of the plant. The cause for the low reflectances of thé jojoba
is the large amount of shadowing within the canopy and the depth
of the shadows due to the low tranémission of the 1eaveé.

On the basis of the multispectral signature analysis conducted’
for this program it is clear that the multispectral signatﬁre
characteristics of the jojoba are not sufficiently unique tﬁat jojobas
can be located-with a high prcbability of detection and a low
false ‘alarm rate solely on the basis of the spectral signature
characteristics. The multispectral sensor would appear to offer
the best potential as a screening sensor. As such the output of
the multispectral sensor would be procéssed automatically and
used to eliminate large areas with no jojobas, and photo interpretation
of areas with jojobas and spectrally similar vegetative types would
make the final discrimination. 1In order to more accurately assess

the potential performance capability of multispectral sensing for

5-1
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such screening it would be necessary to collect and process some
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actual airborne multispectral scanner data over representative
areas of interest and té obtain estimates for populations and
associations of those plant types with spectra similar to jojobas.

Thus the pbteﬁtial roles of multispectral semsing and photographic
sensiné'for iocating and inventorying jojobas in a large area survey
are 1dent1f1ed as a result of this study '

' ° A multlspectral scanner 1is potentially’ useful as a
means for surveying large areas for the purpose of
disqfiﬁinating between those areas that may contain’
jojbba plénts and those that do not. The multispectral
ééanner and proceSsdf will not be able to unambiguously
discriminate jojoba plants from several other desert
plaﬁté,-but it may be a valuable way to eliminate very
large areas that do not contain jojobas from a more
detailed pﬁotographié survey. It is recommended that
a iimited multispectral scanner flight test program
be conducted to evaiuate the potential for using a
multlspectral scanner and processor to identify areas
llkely to contaln jojobas and to discriminate against

those large ‘land areas that do not.

° Photographic interpretation will be necessary for the
- actual detection of jojoba plants. A possible photo-
interpreter resource might be classes of high school

students .in those areas whpse lands are being surveyed

~with instruction given as part of the classes.
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APPENDIX A
SUITS CANOPY MODEL

A.1 DERIVATION OF THE SUITS MODEL
The canopy model-used for the calculations in Section 4 is the
Suits model reported in Reference [2] with the alteration for azimuthal
dependence prescribed in Reference [3]. ) ‘ V
The model starts with the differential equations for the ‘radiant

flow field

—aiEX(+d’i’X)" _ : LT
biEA<_d’l”X) . _ R =(Afl2 :

CiEX(S’i’X)’ - . et

dEX(+d ,i,x)/dx.

+ o+

dE, (-d,1,x)/dx

aiEA(—d,i,x)
biE)\(+d,i,x) - o {(A-2)

- CiEA(S’i’X)a

dEx(s,i,x)/d¥ = kiEA(S’i’X) ‘ (A-3)

Where Ex(i d,i,x) is the upward and downward diffuse flow of the i-th

layer at level x and Ek(s,i,x) is the specular flux.

The constants ai, bi’ Ci’ c;, and k are derived from measurements Qf
canopy components of the i-th layer. If only one type of component

occupies the i-th layer, then

a, = [o,n (1 -1 +on (- p——“;—T— )71, (A
b, = [Ohn}p + oo (p/2 + 1/2)], (A-5)
c; = [ohnhp + (2/Tr)0 n, (p/2 + 1/2) tan 81, (A-6)
ey = [ohnhr + (2/Tr)o n_ (p/z + r/2) tan 8], (A-7)

A-1
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and

k= [Ohnh + (Z/Tr.)‘.cvnV t"-m“’,e’] (A-8)

~ where Oh is the average area of the projection of the canopy component
on a horizontal plane, 9, is the average -area of the projection.of the

canopy component on two orthogonal vertical planes, n,_  is the number

of horizontal projections per unit volume, o is the :umber of vertical
projéctions per unit volume, and the angle, 0 (GS in Section 3) isvthg_
polar drgle -for -incident specular flux. . -

The spectral transmittance, T, and the spectral reflectance, p,

are the hemispherical reflectance values obtained from measurements of

| compoﬁent samples in the laberatory. R S

§ * Up to four cpmponents were used,iso the values ai; bi’ ci, ci, and
1' ki .are obtained separately for each component and then added to get . a
total value for the layer. .

What is found is

HL}

E;?;T67,= R (layef‘i)"+ R(layer 2) +'R(soil) . (A-9)

where LX is the radiance of the cénopyiaﬁdTEX(s,O) is the flux incident
on the top of the canopy. The corrected relations for the R values are

as follows:

7 R(layer. 1) = A fuy (1= £) +v (1 +£)] .

x {1 - exp [Xl(Kl + gl?]}/(Kl.f gl)

o+

Bl[ul(l + fl) + Vl(l - fl)] (A-10)

»

- exp Iy (&) - gD (K - )

+ [ul'Cl + lel + wl]

x {1 = exp [, (K + kl)l}/(Kl + k)
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" R(layer 2) i éxg [xl(Kl - K2)1{A2[u2.(l - fZ) f v
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, L+ E)]

{exp [icbl(yK2 +g,)] - exp [xz(K'2 +“g2)"]f}

* K, + g,)

+ B, [u2(1 + fz) + v;z(l - _fz)]‘ \ | | (A—.‘ll)
o fexp [x (K, - 8,)] - exp [x,(K, - 8,)1}

" T, ¥y

+ [uCy + voDy +w, exp [(k - k,)x1]

272 2

L e [x (K, + k)] - exp [x, (K, + ké)]}'}

(K2 + kz)

R@Ol;) = exp [Kyx, + K, (x, - xl)_] x (4,1 - }fz) exp [gnz',xz

.. - ” . A-—lZ)
_:f B2(1 + ;2) exp [ gZXZ] + C2 exp [KZXZ]} _ ( )

A and B have been determined from the boundary conditions imposed on
the solutlons of Equations A-1 to A-3, namely that the upward and downward
~ directed flux is contlnuous across the boundary layers, and that the
downward dlrected flux at the soil level is reflected ‘to produce the
upward directed diffuse flux, and
Ci(ki - ai) - c¢'b, -

_ i'i .
C, = : 7 Ex(s,l l,xi_l),

- D1 kz — E. (s,1 1, xl—l)f
i i :
) . 'Qﬂi/g ) (A-13)
g; = gai -.bﬁ)? , and N
. )2
Loy bl o1

A-3
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"The quantity E (s i-1, Xy ) is the value of the specular 1rrad1ance

at the bottom of the (1 - l)th layer, x = x

FORMERLY, WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

i-1
_ T+ p
u=onmnTt +~GVFV — (2/m) E?n $,
_ T+p
v=ome +on ——— (2/“);Fan ¢

£
il

oy + oon tan ¢ tan 6 (A-14)

x [( % ) (sin ¥ + (7 =¥) cos y)/7

+°(3) (sin ¥ - ¥ cos ¥)/n]

A .

Y is the azimuthal angle between the sun and view positions, 6(6S in
Section 3) is the sun polar angle, and'¢(6r in Section 3) is the view
polar anglé.- Thé distance from the top of the canopy to the bottom of
layers l and 2 respectlvely are xl andpgz which are def;ned such that

lef_xl < 0.

The 1nputs to the model are then the transmlttances and reflectances

of the various components, o} and o.n, values for each component in.

'h''h
each 1ayer, the depth of the layers, and the sun and view . positions.

The speciflc form of these inputs in this case utilized the

def1n1t10n

(A-15)

where Hi and Vi have units of inverseblengtﬁt

CA-h
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~ APPENDIX B
CALCULATION OF RADIANCES FOR A VARIETY OF CONDITIONS

B-1 DERIVATION OF EQUATION 4-1

An attempt has been made to :simulate a multitude of field data for
a variety of field conditions .from a few spectra provided using the
ﬁbdified Suits model. The general form of the Suits ﬁodel has been
detailed in Appendix A. A brief.discﬁSSion of the deriﬁation of_eduation
4-1 is pfesented in this.appendix. - Because of limited information about
thé plants for.which meésufémgnt data are available only single scattering
is considefed. This apprqximation can be expected to be best in the green
where the leéf apd understory reflectance is low. This is the best
assumption that éan be made without extensive knowledge of Ehe-geometric

properties of the plants involved.

The starting point is- Equation 23 ‘in Reference [2].

o = E’A =wy [1 - exp (x(k +K)I/(K+ k)
A

o 1)
+ W, exp (x(k + K)) .
where

p = canopy model reflectance

LX = radiance reflected by the canbpy
EX = the irradiance of sunlight

Wy = the leaf reflectance

w, = the understory reflectance

x = the canopy height from the top of the canopy
(x < 0)

K = ( cos ¢ + (%)cvn; sin ¢)/ CSL

h™h ¢

B-1
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'3

9. .
= 4+ (— 34
k (ohnh cos 0 (ﬂ)ovnv.31n 6)(QSL6

with

' o, = horizontal leaf projection of a leaf peér unit volume
'cvz=‘verticéi leaf p?ojéctionibf a leaf per unit yolumé ‘
ny =.number of hqgizontal 1ea§es éér unit vélume
n, = number .of “vertical leavesper unit volume -

¢ = view angle from nadir (6, in Section 3)
B = sun,apglé from nadir (es in Section 3)
CSL = stands for cosine of the angle between the normal
‘” to ‘the ground and the -sun or'view positions

It is assumed that the view is straight down, ¢ = 0°, The slope of the

ground is 0°, CSL = 1, for the field measurement. . .

¢

Now let H = IR be the horizontal leaf area index, V = 0 n_ be the

vertical leaf area index;‘aﬁdln = (cos & + & (2/ﬂ) sin 8)7CSL where
§ = V/H, the ratio of the vertical to the horizontal leaf area indices.

Let |x| = 1 unit of length.

With this notation we have

WLX , S . R
PR T vyl - exp (-H(L + )]/ EA + n)) (B-2)

+ W, exp (H@A + 1))

so, with the definition C = 1 - exp (-H),

WLA

.
p-—2=2h-a-0%arn +na-0t Y

Ex
(B-3)

B-2
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Hence, the reflectance measured in the field, p(s), is given by.

w W (1 + Ny o ‘ .(l +‘no)
p(s) = E;L = ﬁli(l - (1 - CO) © )ﬂl + no) + w2(1 - Co) (B-4)
A o

where the subscript denotes values measured in the field. Thus, combining

B-3 and B-4, the general canopy model reflectance becomes

L, ‘ (1L + 1) + np) (1 —a-ot ")
o | 1-(-c) |
B , o
‘ (8-5)
+
fw @ -drm
2
which is Equation 4-1 recognizing that w2»=.p(u).
If one includes sunlight and skylight contributions, the total
expression is: A
(1 + no)
ﬂLX = Ex(sun) % CSLgy = {[p(s) -p(w(1 - Co) ]
Jh-a-08rml o L 0@ty
[ (1+no)]'1+n
1 - (l-CO)
(B-6)

1+ ﬂo)]
+ E)\(sky) * {[p(s) - 1 - Co)

3
[1 - (L -0C)7] PN
* 1+ no) +p(u) = (1 C) }

1-(1-¢C)

where a specific n has been chosen to represent the skylight contributions.

B-3
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B-2 CALCULATIOﬁvOF RADIANCES

The values of EX (sun) and EA

literature and from experiment. The spectral irradianée of direct sun-

(sky) are obtained both from published

light is taken from the curves of P. Moon [Reference 6] for air ﬁass =2
shown in Figure B-1. The change in magnitude is obtained using the
variation of solar illuminance with sun aﬁgle givén én the RCA Electro-
optics Handbook [Reference 7]. The sky spectralrirfadiadce is obtained
for clear days'using unpublished experimental data of G. Suits indicating
that'theﬂraﬁio of sﬁy to total irradiance is

Ex(sky)/[EA(sun) cos 6 + EA(Sky)] = A()\/600)_2'5

where

= -+ L
A Ev(sky)/Z[EV(sun) cos 8 Ev(sky)]
A= wavelength in nm.
EQ (sky) was taken from an ITEK publication. The ratio

EA (sky)ﬁ
(sun) cos 6 + E

(sky) 1 is shown in Figure B;Z. Band radiances Li =.[fA,LXdA

(E
i

A A
are calculated numerically for four wavelength bands (channels) assuming the
detectors havé a'square filterlfesponse. In aneffort to better simulate
actual field conditions, a random error of between +3% was added to each
channel. Both sunlit and shadowed backgrounds were generated. For shadowed,

only the skylit poftion of Equation B-6is used.

[6] Moon, P., J. Franklin Institute, 230, 583 (1940). -

[7] Electro-Optics Handbook Technical Series EOH-11, RCA Corporation,
Commercial Engineering, Harrison, N. J., August 1974.

B-4
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The results of these band radiance calculations are used in the

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN -

detection simulation_presentéd in Section 4 and Appendix C. The results
are shown graphically in Figﬁres B-3 to B-5 where each ellipse corresponds
to.the projection of a 4—diméhsional ellipsoid which contains 90% of the
54 4-space vectors, generated using the parameters in Section 4 for a
particular species, on the twb—dimeﬁsional plane defined by the axes.

The ellipses for the jojoba signature are the decision boundaries

for a conditional PD of 0.9 while the ellipses for the background species
serve only to illustrate the distribution of the 54 vectors used in the

false alarm calculation.

B-5
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FIGURE B-1. SUN SPECTRUM USED IN CALCULATIONS FROM REFERENCE [11].
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FIGURE B-2. REFLECTIVE SKY SPECTRUM USED IN CALCULATIONS
FROM OBSERVATIONS OF G. SUITS.
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TABLE B-1

WAVELENGTH BANDS USED FOR THE MULTISPECTRAL ANALYSIS

Band 1 ' 0.456 - 0.481 um

Band 2 ‘ 10.531 - 0.556 um

" Band 3 ©0.631 - 0.668 m

Band 4 - 0.806 - 0.893 um
B-8
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FIGURE B-3a. JOJOBA SIGNATURES FOR A PROBABILITY
OF DETECTION OF 907 PROJECTED IN TWO DIMENSIONS.
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FIGURE,B—3b. JdJOBA‘SIGNATURES FOR A PROBABILITY
OF DETECTION OF 90% PROJECTED IN TWO DIMENSIONS.
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FIGURE B-3c. JOJOBA SIGNATURES FOR A PROBABILITY
OF DETECTION OF 907% PROJECTED IN TWO DIMENSIONS.
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FIGURE B-3e. JOJOBA STIGNATURES FOR A PROBABILITY
OF DETECTION OF 90% PROJECTED IN TWO DIMENSIONS.
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FIGURE B-3f. JOJOBA SIGNATURES FOR A PROBABILITY
OF DETECTION OF 90% PROJECTED IN TWO DIMENSIONS.
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FIGURE B-4a. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE DISCRIMINATION
ANALYSIS.
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FIGURE B-4b. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE.VECTORS USED IN THE
DISCRIMINATION ANALYSIS.
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FIGURE B-4c. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4~SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS.

Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7




Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

e

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

[
°. . . A 2 _# 2 2 2
’ . L LJ L LA L v
, 1 - Unidentified Scrub
+ 2 - Palo Verde T
o 3 - Mesquite _
° .
ot 4 - Dahlia ) . T
5 - Cholla
1 p) 6 - Acacia T
iy
wa |
Zai
cC
I
o‘ -
TI
2.00 3.00 4.00

CHANNEL 2

FIGURE B-4d. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS.
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FIGURE B-4e. THE bISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS.
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FIGURE B-4f. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE
"DISCRIMINATION ANALYSIS..
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FIGURE B-5a. THE DISTRIBUTION AND PLACEMENT-OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS. ‘ '
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FIGURE B-5b. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS.
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FiGURE B-5c. THE DISTRIBUTION AND ?LACEMENT OF
BACKGROUND 4-SPACE VECTORS USEDﬁIN THE
DISCRIMINATION ANALYSIS. ’
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FIGURE B-5d. THE DISTRIBUTION AND PLACEMENT' OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS. '
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FIGURE B-5e. THE DISTRIBUTION AND PLACEMENT OF
BACKGROUND 4-SPACE VECTORS USED IN THE
DISCRIMINATION ANALYSIS. L
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APPENDIX C
" FALSE ALARM CALCULATIONS'

C-1 CALCULATIONAL PROCEDURE

The specifics of the probability of false alarm calculationSgére
described in detail in this Appéndix.,.An overéll scheﬁatic of the
calculation is shown in Figure C-1. Program LANDSAT carries out the
calculation of band radiances described in Appendix B. ACLASS consists
of 9 jojoba field measurements, BCLASS éonsists of 12 backéfdund field
measurements including ten types of vegetation and two sdiis. These
curves are shown in Section 3. The parameters used to generate 54
"sunlit" and 54 "shadowed" 4-space vectors from: each of the field
spectra are defined in Section 4. ‘ | _ »1 |

The target vectors were analyzed to find the covariance and
inverse covariance matrices. The covarianceé matrix is uééd‘to?produce
the ellipsevplots in Appendix B and the inverse is used td_find a
transform matrix. This transform was found to Simplify-the:calculations
in FALARM and is described in Section C-3. It is estimated“phatyphe
use of the transform cuts the computation time almost in half.
The result of the transform is to change the coordinate system to one
in which the ‘decision boundary in a sphere centered at the origin
rather fhan'a four-dimensional ellipsoid centered away ffom the
origin. The radius of the sphere is the square root of the chi-
squared Vélue corresponding to the desired probability of detection
for four degrees of freedom. The data in BFILE, 12 species, sunlit
and shadowed, each with 54 4-space vectors, is then transformed to

the new coordinate system.

c-1
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FIGURE C-1. FLOW DIAGRAM OF CALCULATION PROCEDURE

Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7 :

C-2

Background
Vectors

2}

&




Declassified and Approved For Release 2012/08/06 : CIA-RDP98-00500R000200200001-7

FORMERLY WILLOW RUN LABORATORIES, THE UNIVERSITY OF MICHIGAN

Program FALARM then calculates the length squared of each vector in
the transformed BFILE and compares this with one or more-chi-squared:
values. ' If the length squared is less than the chi—sqﬁared'valﬁe,ﬂéi
false alarm is recorded. ‘Linear combinations of the vectors in BFILE,
representing mixed pixels, were also caltulated. It was found that éix
combinations evenly spaced between all of one species and all of 'a second

species were adequate to provide a good statistical check.

For the sunlit species, all 54 vectors are used; for the shadowed"
which showed only a small deviation from the mean in any dlrectlon,'only
the mean value was used. A total of 1.4 x lO6 vectors and llnear comblna—

tions of vectors were checked for a possible detection.

C-2 DETECTION AND FALSE ALARM MATRICES

Probabilities of detectlon and false alarm are analyzed by con51der1ng
each of the four-band spectra as a vector in a four dimensional Cartesian
coordinate system. A ''target' space is defined by a four-dimensional
ellipse centered about the mean of all of the target spectra. The principle
axes of the ellipse are defined by the distribution of target spéctra‘about
the mean. The size of the ellipse determines the probability of‘détection
(the number of target spectra included inside the ellipse) and the
probability of false alarm (the number of background spectra included in
the ellipse). The probability of false alarm from mixed background spectra
is the fraction inside of the ellipsé‘of all of the points generated by
taking linear combinations of all of the spectra from one background class
w1th all of those of another. ‘- ‘

' The probabllltles of false alarm due to pure and mixed background
spectra are shown in Tables C-2 dnd C-3. Table C-2 is a false alarm
matrix for a detection probability of 90 percent, and Table C-3 a false
alarm matrix for detection probability of 10 percent, Background
classes in the false alarm matrices are numbered from 1 to 24 as specified
in Table C~1. There are five false alarm entries for each mixture of
background type M (a row in the table) and background type N (a

column in the table). Each false alarm entry includes mixtures of

c-3
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0, 20, 40, 60,. 80, or 100 percent (a.row index) of background type M
with 100, 80, 60,,40,>20, Qr;O percent of background type N. _Each entry
in the table is the percentage of spectra generated by taking the
appropriate linear.combinations.-of each of the 54 x 54 spectra of
background that fall inside of the target ellipse. Diagonal
elements in the matrix represent false alarms due to pure background
SPectra._; , |
C-3 TRANSFORM ALGORITHM
When deallng with large numbers of calculations, it is helpful

and -economical to go about them in the simplest way possible. A

- very simple example would be instead vacaiculating 2A + 2B, to

calculate'2(A + B).

¥

A similar type of 51mp11f1cat10n can be done when comparlng many
p01nts (and thelr 11near comblnatlons) to a quadratic form correspondlng
to an elllpse I : : ' .

In éeneral the quadrégic form is

T
X

=

X=k
and in two dimensions it takes the form
2 .
ax~ + 2 bxy + cy2 =k -

the algorithm is as follows:

(1) Complete the.square for the first term (the order is arbitrary)

by adding and subtracting appropriate terms.

C-4
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2 2
2 ’ Db o .
ax + 2bxy + <——-y> - <Jl~y> + Cy2
\Va \Va

2 - - o
y) _+<c——b—>y2=k

i
o~

</; x +

Bls

_(2) Continue this until all cross terms have been eliminated.

(3) Then the substitution

x'=Vax+y
Va
y' = \e-2y
Va

gields (x")% + (y"? = k.

As a further example, the first step for three dimensions is shown below:

2
X, + a x2 + a x2 +a, . x,X_ ta x,x, ta . x.x =k

11%1 2272 333 12712 13713 237273 ©

a , a
va;p ¥ ¢ - x, * - X3 )+ [2y - 412 xg *l 233 - 413 xg
2/all 2/all a1 411
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so  x' = Va,., x, + 12 pls +577i2_

‘The Fortran program.is given which carries out the calibration in n-dimensions.

In general; for n-dimensiomns, the'firsf coordinate, x', will be a
~ linear combination of n-coordinates, the second of (n -1 codrdinates
and so on. Since the transform is linear, it may be performed before
linear combinations of the points creating mixtures are considered. That

is,.if the transform is.designed'by the upper triangular matrix T,

IE+DITMIE+ D] = @+ IDT MEX + Y

0y

- C-6
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FORTRAN IV TRANSFORMATION PROGRAM LISTING

C
C
iO
¢
20
30
50
60
c
70
80

SUARROITINEG SPHERE (1, A, B)

70 AN N=DIMFNSINNA| SPHERT,

INPUTS. INCIUDES N o= NN NF DIMEMSIONS .
" ) ACTI,J) = TNVERSF CNVARTANMCE MATRIX
BCI,J) = TRANSFORM MATRIX

MOTF: THTS 1S NAT A RDTATIUM BUT A CnHTﬁpllﬂN

DIMENSTUM A(4,4),R(4,4)
NAMELT1ST/DUMP /A, B, T, K L,
INTEGFR €1,02,C3

IrevLLT.2ienTn 60
C3iz=Me1, .

no 1o L=2,N
Cl=t=-1. _ _

pO 10 K=1,01
HIL,KI=0,

Do S50 J=1,0%

=141 . . v
TFCACTL, DY N F L0 0060TH 70
RCT,10=80%T(A(T,I))
N 20 J=C2, N
H(],l)uh(l,]‘/%(l,l)
nn 30 k=2,
o 30 =0 p,w

A(l,K)wﬁ(L,k) ~A(T1, K)AA([ L)/A(I,I)
COMTINUE

TF (AN, MY |} )GHTH 70
R(H'Ml‘uw|'(A(MlN))

REYTURM.

WRITL(6.80)

FORMATC! HOT AN CLLIPSOID', /)
WR}TE(&,DHHP)
END
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TABLE. C-1

BACKGROUND IDENTIFICATION NUMBERS
IN FALSE ALARM MATRICES

Sunlit Unidentified Scrﬁb
Shadowed Unidentified Scrub
Sunlit Palb Verde -
'Shadqwed PaloJVerde

Sunlit ﬁeéquite

Shadowed Mesquite

Sunlit Dahlia

Shadowed Dahiiav

Sunlit Cholla

- Shadowed Cholla

O o NN W N

et
[

11 Sunlit Acacia

12 Shadowed Acacia

13 Sunlit Desert Eroom ‘
14 Shadowed Desert Broom
15 Sunlit Creosote

16 Shadowed Créosote

17 Sunlit Sag@aro

18 Shadowed Saguéfo

19 Sunlit Prickly Pear:
20 Shado@éd Prickly Pear
21 Sunlit Ground

22 Shadowed Ground

23" Sunlit Ground

24 shadowed Ground

C-8
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